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(54) D/A CONVERTER AND A/D CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-bit D/A 
converter which is improved in the linearity of an analog 
output to a digital input. 

SOLUTION: A switch control circuit 1 turns on the 
number of switches corresponding to a digital signal DIG 
among switches S1 to SM in the increasing order 
determined by a start position determining circuit 3, and 
turns off other switches. The start position determining 
circuit 3 determines the selected start position by 
changing a switch at the start position to S1, S3, S5... 
each time the digital signal DIG obtained in synchronism 
with the clock signal CLK is inputted. Consequently, 
characteristic differences of individual current sources 
become less liable to appear. 
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^— h^B«mSiti!i I S 1 (M'7fSlW>^t 
£(|S£, IS7. IS2, IS5, IS3, I S6, IS 

[0 0 4 7] fc*5, £linffflm;tt0§!:&|i*S£ft*|g 

m 2 spggis 7 &mn- ; T-5> i 

*»T#. a$ 1 ftDgffi 6 KJt^TfMl&iag&aifiJET&SiT? 

[0 0 4 8] Z.(D£5\Z, X*— >4fcB8H£ig»3tt. 
i^WCSfir-i' I D£APSLL&at£>Mjie>©ffl;*jfii 

[0 0 4 9] mit'MoT, y- h'N 1 «fc 0#<=>*lS« 
«t*iffl*«SS I out t LX I - V^&f§ 2 \Z*3-7L t>ft 
So 0 4©«aj-r?«m**8g I out= 3 • I E 

£&9. ia5©^j-e«tB*mMt I out =2 • IEt& 
S. fbt, I -v^&3§2tem#mit I out^UgfE/ 

u x 7 ± a ^ffi nx$> z, m a sie v ou t £ m fj 
[0050] ^©.t^tc. mmomm i ©Ntf-> hd/ 

A3>A'-^H A*f7=V (DIG) 
Ut, d i g©-s->^u 

G57tD^ (lti;*J®EEVout) «11T^5. 
[0 0 5 1 ] LfctfoT, x-C i?#)Um^D I G©B** 



1-31969 

VffrmnD I G©*K:W«fc<*».iK I S I ~ I SM 

£fi-3FD&<asws££*«T#. d/a=i>a--*© 

0. *J2)VX1J\Zlti^ZT±u>fm-}]<DMW&<D'& 

it £ mJi KJJpx. & c t *«t €r s . 

[0 0 5 2] <nM<DMm2>$lM<nMmiX'teX5'- 

I S 1~ I S 7 *T*5«ttH-*0 <fc 5 
X*— h&H£^M-r-5 J: 5 Ufe.©*«*JS©^ 2 T 

Ifc^oT, *Jfi©^ffi2©D/A3>/\'— 37 
tt. X^-hfifift«|HliS3CJ;-5S*?X^-hfeg© 

mm i ti^^©^#*fig^s-5>. 

[0 0 5 3] X^- hffiBft^iaK3«, Nhf^h©D 

/.^>n—sf\z^xmmm<r>mmA (=2 n -d 

tAt^SUI:iT. ;^OM>A&3IE$CA£Jil,}£: 
•5. 

[0 0 5 4] N=3, -riS.t>t>M=7 ©£#. 

A=5 (7t5tHSIrM:i) £»J?-T-5<i:. 1EB© 
X^-h-ffiBtettflSfliU S 1 U'f-yfSl^Xct 
•5) T, 2[eIB©7 > ^- MiB^HMtii* I S 6 
£JUS$. IS4, IS 2, IS 7, IS 5, I S3, IS 

1, IS6, ■■■£)£&m*:£<-ft>-tits.tft>KmQ&± 
<&UJ:3E:£T©««HBI S£»*?X*— hffifi<i:L 

[0055] ^©i^, i(@ie©-9->yu>^-e7 ; ^> 5 

^^DIG "011" (3) £HxD&tf£. 06 tc 

^-r-fc^jc. ««t«sci s i~ i s 3^ii*?$n, 2ms 
©it>:/u y?x=T4 vpjymnn i g "010" 

(2) £HxQ&tf£. S7(r^-r^3t'. tt^tiUlS 
6, IS 7#f«#?£*l-5. 

[0 0 5 6] ^fflioC- *IOil2©D/A3>/t 

t^©M#tfe-5^-feffl|gc'ro-re. L-TSftX* — h-K 
B*i*^T-5^i:»cj;0» Mfi©x^- h{iB©S fiS 

x-r =??)imm) i G©M{c*fjc£;LTSK$n 

©$£^> D/An>/\*-^©T^a^ttl^(ci@>!?©li^t 

as©#ttM*«<t o — B$>e.fcti{c< <5^co, T-f-w 

A ^3 (C*f f * 7 1- D ^ tU * ©* ^14 * |fij± * *S C i *i 

[0 0 5 7] <*Jfi©^H3>0 8ttC©56^©^ig© 
fl3T355N (N^2) t'y>D/Aa>A-^ffli 

v cciz&mz ntzmfommm isi-is (m+k) © 

fh^n©M^yfSl~S (M + K) ©—sat 



•I 

[0 0 5 8] fit, M7fSl-S (M + K) <D{& 

/A3>A-^HH &««tiE I S 1 ~ I S (M 

+ K) **tt*&-T£««EI 1- I M©«j5KSttH«|g— © 

[0059] x-f y^fHfliaai Att, ^^jhr* 

D I Gfc^tKWif SCS^^yf S 1-S (M + 
K) \zm*)l>. ^yfSl-S (M+.K) C03^»^^ 
iSfJimnD I GKj£i;fcfflft<&;*< y^**^— b& 

[0 0 6 0] X*-ht>m&£[Hj&S3 Att, S T4'*?9)V 
I GCAA^^f 5 >^*»St5 ? D y JMC 

FMyftSl, S3, S 5-fc^3*^fc«*seM 

[0 0 6 1] 5V S^JMI*§-D IG* "0 1 

1" (3) , "0 10" (2) ©JHT?#*, X^-hffi 
Kft3£EI»3 A*«S 1, S .(M-hl) (DimizMftk? - 

y^wwiaBi Atex-r^s i-s 3**>«m, x 

■<7fS4-S (M + K) $t7«lcht§WIMS 

(M+l) , S (M+2) W>«i/My?S'l- 
SM, S (M+3) -S (M + K) S*^«ffit-r*W 

•P«*sc£ta;trr*. 

[0 0 6 2] y-HNlJ:D#6n*««3ft«ia*««I 
9(OWTttUi*«SK I out=3 • IEt&D, 0 1 0 <D 

m^\tmijmmi om=2 • iEtas. ^lt, i- 

V«»«2rt*Hi>b««E I out^lfi/lEMbTTt 

[0 0 6 3] CC0i:3tC, *JKO»«3(ONtfy hD/ 
A3>/WB, AAr^y^Jl/f-^ (DIG) fcjfc 
UT> 5V i?#)Um*iD I GOlJ->7 p, J >^Sl3X^- 

SEW^S, T^f^^iWD I G-Cft£$n5i»©t 
ffiM*m$h\Z-$-Z> £ £ \z& 0 , f^y^^f-^DIG 
^T^Uifm^ (tti*r*JEEVout) »(SlTt/^„ 
[0 0 6 4] bfcA^T, r^^flfDIGW 

5V^;Mf-SfD I G0ftfcNffift<«8!EKl S 1 
-IS (M + K) SH-*0a<aW-r*ili:3WT*, D 

/A^>n—?(D7j-u#mji\znmmmx<Dft l &^w 
m*©it«tto^bS:W3Ki^MiAae:i:7&tT**. 

[0 0 6 5] S^C, ^SfiOJgji3^)D/Azi>A-^ 
tt, KfflO*»d««JR*ffl3Sb, mm<DJ&mi\Zik"<M 
1R7s&-btiLW<D&&m$:m j $>*?Z.£\z&Q^ D/An 



11-31969 

[0 0 6 6] <HJgC7)®^4>*j5g(D^^3Ti4X^- 

hffi«*jt0K3 A*cj:0ft«$n«a«^^ - 

SIS1-IS (M + K) £Ti*5fc*tt>^FD&<»« 

3HfiO»»4T»*. Lfc^oT, *«CBJBIB4<BD/ 
A3>A-?H X;* — HffiBft5£lHJS&3 ACi:5X^ 
- hffi«<DftS35r}56STEa)«k 5 \zftv&LK\tm 8 

[0 0 6 7] X^-h4fc«ftJtl§H»3AW:, NtfyhO 
D/A^>A*-^JC*5^T«i5ttigOffl»[ (M + K) chA 
t^SM(I$T, *V3M>A&*:E*A*jI i ^*:U ^ 

e<a^A-roTe>-&Tiiwx^- usatsftjrrs. 

[0 0 6 8] #J*_«, N=3 (fftb-BM^?) TK — 
6<0t#, A=8 (13 (M+K) ) t8tlil^l: 
*) *a*?-T*i:, ll3B<0;**-hte«tt«WESl S 
1 (X-fy5 t Sl**» X\ 2[UB<£>X^-htega* 
•«iRIS9ta:0, HI*, -IS4, I SI 2, IS 
7, IS2, I S 1 0 , I S 5 , I S 1 3 , IS8, I 
S3, IS11, I S 5-£tt«W**<r&tffca*6 

[0 0 6 9] £<D£#, 10g0D->yU >^T5V v 

&)vm*tD ig "on" (3) zmv^tit, m 1 1 

fc«TJ:5fc, ««JBI S I S 33Wa*?*n, 2 0 

iw>7 r u>^f>fy^;nt^D i g - "o i o" 

(2) *»0&tr,fc % H12fc«-TJ:3fc, I S 

9, i s i o^M^n^o 

[0 0 7 0] £<DJ;5K:, *2ffi<DJKfB4<BD/An>n 

-^^*w*x^-hffi«»3eia»3Att, «8Ka5cHB 

ft (M + K) t*0!)B«fc***ffifl*ror6bT31 

ft£Jn5SLfc (M + K) fiCQX^-MSBcoSfiJ^T 
^> r>r^^;Hs^D I G©fil:»«LTiR$n5t 

«fc0— ■*6tont< <3ttD, 5Vi^;UA*K:2rr£ 

[0 0 7 1 ] <*«©«ffi5>Hl 3tt£<DfS9!<&^J6 
Ofi5T^§N (N^2) tyhD/A3>/W© 

igVcc^»3|«$nfc¥ffi*8ffiJS I Sl-I SMOTn-? 

ftott^^f s i-SMo-«i:fl«sn*. & 
M«i^sms5asftTfe^o 

[0 0 7 2] ^bT, X-f y^S 

FN 1 iZtgm^tl&o U&s Nt*7hD/A3> 
A-^KfcL &*9KilgI Sl-I SMmiSt§ 

««n i*iM<Dnffifkmz&m—<DiEizi3LZ>±oiz 



(8) 



11-31969 



[0 0 7 3] X-fy^lSWEIiMtt. x-f i?^JUA4D 
I Glll^affli^SC^^fS l-SMKffi^j 
U y?S 1~SM(05^^JH^D I GfC 

[0 0.7 4] 7.9 — HfifM@eS3 Btt, WSB^n-y 

zftQim&son&zuyzmm clk©sc-s±*«o 

I'r/Sh'J^/tlTSl, S3, S5-t^5ft^l: 

y-fg^iugs 9 ttx^ i??)i>mnD i g^a^^ s >^ 

* fg^f -5 £ d y ff4t CLK©^±*i0X7yl:^ 
»H, 014II*tJ;5l:, 3fgjg©|*ia5i7P->^« 
^ICLK'^m. bfeAt^T, ^Py^ff^CL 
¥L<D\*)r<19)]'<Dmmifl9 s i&i?Uy9mn I CLKC3 

im zjuomwT i ~t 3 fc#fd£*x£. 

[0 0 7 5] #J;Ui, N=3 (M=7) T^-f V^;HI 
^DIG£"0 11" (3) rt«*ny*«*J 
I CLKlC*tJ*X^-hffi«»5£iaB3B*«S 1. S 
5, S3ffl«I;^^-hfl:H*RSLfc«^ 0 
1 5-0 1 7 IC^-rJc-S lC^ WIT 1 (0 15) K&l^ 
TX-f •y5 1 ftiJ|EP[HlSg4«X'f >>^S 1~S 3 
ttltU SBIHIT2 (0 16) fc*S^T;W>y^S 5~ 
S 7©**:* U MKT 3 (0 17) \Zj£MT 
X-f-^fS 3~S 5S*>*ItT5K!mi«^SC*ffl 

[0 0 7 6] -€■ LT, JWfflT 1 ~T 3tftfftt;- H 
N 1 <fcD#£n-5^8iEa*ttl2>m«E I out (I outl- I out 
3) till -V3ESi»2fc#>L6n. I-V3KSSS2 

**tu*«» i out**«E/*EE3s*bTtaa«£Evout 
(vouti~vout3) ^m^-r-s. 

[0 0 7 7] m^W-mtm^ 5 ttXBWT 1 ~T 3 
nt?# 6> tlfc tH ^3 «/E V ou 1 1 ~ V ou 1 3 £ T 7 
^-□^ffi^T»-5¥^ffl^fiiJEMVout5£Hi*-r-5. 

[0 0 7 8] ^©iptC, mifc<DMm5<DN¥y hD/ 
A3>;t-^H Xfif-i ^9)^—9 (DIG) Cjft 

ut, i>f)i<iEnD i G©-y->^u ^skx^- 
ffiw,frt>. "T* vfjvm^D i Gfcuei;fcis:©««Eas 

T&^.fctc.kO, f-f^;i'T-^DIG*7tDi'i 
* (¥^ItU^«/±MVout) KSEftbT^*. 
[0 0 7 9] cntckoT, f-fy^JUfDIG©! 

ffiffi i s i~ i sM**jtSF0&<a#i*n*c:tc& 

[0 0 8 0] £<=>k, -gkffi.V>W%&S<DV/A-3>rt—5> 



«. i ihiwt-c v^^ju-w^d i G«it>yu ^aup^ 

D I GK»-r*D/A*jft»Cft^T"b«S(E«i*l^<Sfc* 

[0081] <mm?>mm 6 >mme>Mm s T'\zx? - 
s i ~ i s 7 *T**«!WM-aF0)a<3i*?"r*«fc3K^ 

-5. LAc^oT. ^l©fl6 0D/A3W'!-i'H. 
79 — HffiBft^EIgS3 Btw«kSSJ?X^- KfiiOft 
^^ffiSrTfB©i3(CfTC>^«0 1 3TSlfe*lC 

[0 0 8 2] X^-hfigft^|5I?§3 Btt. Nfcfyh© 

1) tAt^S^tC^T, j&>OM>A&-£>:ES:A3:J1,(a 

[0 0 8 3] 0ij*j£, N=3. tS^M=7©if, 
A=5 (7 t 5 tteSt^tCiR) £&S?-r5£. l|5ia<£> 

x^- h&wiznffiffi. i s i (M" / /fsist» 

|S$, IS4, IS2, IS7, IS5, IS3, IS 
1, IS6, <?<?ltttW*>} ! r : $QW'£ 
<^^«k5frS*?X^— hfiBdSSftM i s^jSiR-rs 

[0 0 8 4] H«<h^ 1 l@]@CD+>->X'U >5'T-5 J f V s 
^M^DIG "0 1 1" (3) *Ut0&tr£.'Hl 8 
~0 2 OKwtiiC. fflWTl (0 18) T«8MBI 

si-is 3#»s?sti, wrst 2 (019) x-mmrn 

I SI. DS6, D S 7;W§llR£n. W5T 3 (0 2 

o ) rmsfEicg i s 4 ~ i s 6 tfmvit<ti2>. 

[0 0 8 5] Z<D£5\Z. 5Si©i8i6(DD/A3>^ 

a n >y\*- ?<Dttit)\zm* ©m«EMo)Wtt*^«t o — e 

[0 0 8 6] <*JS(O^Si7>0 2 1 ttCCD^BJ(7D*Jg 
<DW*mi T'$>2>N (N^2) t'yhD/Aa>A'-y® 

^*^-rittB^0T?fe^ o mmizm-?&o\z. —mwn 
mvcciz&mzftrzm&nffimi s i~ i s (m+k) 
©fnt'n©iwu<7?s 1 ~s (m + k) «s 



(9) 
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[0 0 8 7] f bt, X-f y^S 1-S (M + K) Offi 
fcy — FN 1 fcttlfcatl*. &*5, Nt'yhD 
/A3>A-^CI1 ft«««ISl — IS (M 

+ K) **«*&-r*«»I l-IM©fWK«ttHHEBI— © 

[0 0 8 8] *-f y^«»0g8 4AH\ ?V zSd?)Um*% 
D I GfcS-3*fflW«fl-SC*;W y^S l-SMl:tti 
rtU ^yfSl-S (M + K) ©i*^ V?)Vm 

[0 0 8 9] X^-hteB&£[Hl&&3Bte, rt«*Dy 
^fg£t5]&9<£ft^D^{f-S§ I CLKOu^l^D 

x^yShUiftlTSi, S3, s 5 — 

HT, HUlcstiil:, 3 
§ICLK^ttl), L^-pT, ^D^fi-JfCL 
KCO^ffl^t^gp^ a I C L K<£jgj8T 1 -T 3 

[0 0 9 0] MtlU. N=3Tr^y^JHI^DIG^ 
"Oil" (3) T^A, rt»^D^^«-^I CLKC 
S^X^- M£B&5tH]g§3 Bt^S 1, S (M + K — 
1) , S4©0tX^-hfii*»)gU&i^ £T\ 
02 2-H2 4l:*ti5l:, MPhIT 1 (02 2) 
l^TX-f y9 L M«lia»4 AteX-f y^S 1 -S 3©W 
t>t^Id:l, S8RST2 (02 3) tt^TX^f7fS 
1, S (M + K-l) , S (M+K) (DfrttyVimh 
U JWKT3 (024) l:^T^y?S4-S6S 

*>«ffit-r**j»«^sc*ui*"r4. 

[0 0 9 1 ] ^LT, «MTl-T3*ftHPnTy-K 

n i ckott znzmtfc&ttijjmffi i out (i outi- 1 out 

3) tLTI-V«82l:4i5n, I-V^^^2 

ifimtimm i out*«»/«ffiscaibTmA«jEvout 

(Voutl-Vout3) SrfcB^f So 

[0 0 9 2] «JEE¥JSft;lHl& 5 1 ~T 3 -ttl* 

n"C»e>nfcm*«JEEVoutl — Vout3^^S:*«)T7 r 

[0 0 9 3] £CDJ;5K> mt&OJ&m 5 ON tfy h D/ 
A3>A-^H Xti"fA i?*)^—* (DIG) KiS 
liT, JVS^Ht^D I G<Z>U->:/U >{f%\Z7s9 — 

^T-^DIGS7tDm (¥^tH*f^J£MVou 
t) fc^lftUT^S. 

[0 0 9 4] :ni:J;oT, T^y^JWI^DIG(7)i 
' KM I S l-l SMtfKmQte<M&aftZ>Zti\zte 



0, D/A^>A-#<Dmi]\zm*<Dmwtm<D¥f&m& 
$>*>tiniz<<uv, mm&<o&fc&&mzm?i2>z£ 

[0 0 9 51-S6H, »0ii7(DD/A3>/\-^ 

a, i ®<d?4 i/pjum^D i gcd+i->7 p u >^ra4 i 

[0 0 9 6] jjQ*_T, *JS0^7(DD/An>A*-^ 

[0 0 9 7] <^JgC0^Si8>^ia(7)^§i7Ti4X^- 
frTKVtctf. «8ftaSlSl — IS (M + K) 
Jgffi 8 ©D/A3>;t-j^lt X^- H£H»j£[eI8& 3 

[0 0 9 8] X^- hffiHft5£lE!&3 Bte, Nbfyh© 
D/An>A*— ^^*3^T««tiHOffl»C (M + K) tA 
£ifim*\zm~C* *>^M>A«:«IE«tA*^V^L > ^ 

[0 0 9 9] #J;U4\ N=3 fr&btM=7) T*K = 
6<Dh^, A=8 (1 3 (M + K) ) tSh^M^Z 

*) £»«-rs£. iniB©x^-najitt«fl£aRi s 

1 (X^f7fSl»» T, 2|fiIB0DX^-hffiB^ 
ffflIS9t^0, HH, IS 4, I SI 2, IS 
7, I S 2, I S 1 0, I S 5, I S 1 3, I S 8, I 
S3, I SI 1, I S 5»-£tt8W**<rStffc**& 

it«Fo*^<*^«fc5^Tco««Eiigi s*a«-r*2i 
[oioo] :ott, iiHigoit>yu>^T^^> ? 

^;HI^-D I G "0 1 1" (3) *«t9i&tt<J:* 02 5 

-027 \z^-?£5\z, mmri (025) T«jsftasi 

S 1 - I S 3 iflMIR'Stl. fflMT 2 (02 6) T««tiK 
IS9-IS1 l**jl*!*n, JWWJT3 (02 7) Tl 
fltiEI S 4 - I S 6^M$n*§. 

[0 10 1] Z.<D£y\Z, Hifi©JgS8 8<^D/An>A 
-*K:mt5X^- M£Sft^le!&8 3 Bte* i«(Dfi 
ft (M + K) ti^)S»:fe5«f^^-MM?: 
f^tuil:i0, ^*J«^iHR^iP^T (M + K) IS 



(10) 
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iniS-frSdt^T^, -?-©$§», D/An>/\*-^cotti 

[0 10 2] $<E>\Z, mM<DMm8<DD/A=l>rt-? 
tt, 1 lel©7^r V^)Vm^T> I GC0-y->7 p U ^fflF^ 

o©r y^;Hs^D I G(c*rr4D/A^&fc::fe^T 

< < -r & n t tc ck o jEtt <t 7 ^- d & m * r 4 n t 
[0103] <7.*-hQL99i%.®m<Dffitefc>mm<D 

iC&t^T, 02 8 \Z^-?£o\Z, M=7 (N = 
3) , K=lT#ffi)c. A=3 (8 (M+K) t3iB5 

ffi«*«ia»3 0*J«^6, -tfPpfilHl?Sl 8<£#BSb 

R«& ££#*»©»« 3 Rtf 
4<D7>9— b&m&fe®&3 A&ZWtmM<Dl&&7 © 

[0 10 4] 5 5/?88 055»?r-^ "0 

oo" ~"in" (cttMtin i s i ~ i s 8 z-tn-zn 

Ztfc£-&Z>Z.£\ZJ:0> lMm<DX*-bGLW\Znt&M 
I S IT, 2IhIB©X^— h|t«A*«8Sag I S 4 U-f 
'>fS4) tftO. £111, IS 7, IS 2, IS 5, I 
S8, I S3, IS 6, I S 1 -ft £>i2r&a*«=>)t3F?) 

&£<ts.^&o\znffimi s©M7^-Nfit£iK 

[0 10 5] Z.<OJao\Z. (M + K) =2N5iJET5 
ffil&$:miK'?Z>Z\ii\z£K), X^-hftB^ElK3© 

[0106] <^»7 U"f ^©JSffl>3ft|S©»8i 1 

«ssas7H'*s:©D/A3 >rt—2*m\zm\itttt. 

[0 10 7] 02 9fC^T e t3(C — SS!6«Ui*aRT** 

^-HN2»c*a»c*ttsnfc*tt**c 1-cM^-n 
■enoftfi^^X'f 7fswi~s wMo-ig Kg&tt s n 

-5. Mtt&»#**T»!3. M= 2N- 1 t£z 

-5. y - KN 2 IC»«Snit:«^*J;Dft6n* 

mJE**m^«JEEV o 

[0108] -tL-T, X-f7fSWl~SWMCffiM 
ftjffiC^tKJiTJtmffiVb, ^->«figt?5t«/IV r 
BliD$n4„ ft*. Nhfy hD/A3>A*- * 
fc, g-^SC 1 ~CM(73^Mtt««|W|— ©CEtCfc-SJ: 

[0 10 9] ft*5, Xjr-HMftl&iaK 3 <f 

y^iwiH* i (Dffimzm i ~0 3TjSLfc*it©»iB 

1 



[0 110] Z.(DJ:5tZffimz%H,*T, Jf, X-f 
S W 1 ~ S WM £ T^T^- 7 tKS8 C L T^JE V b £ EPJjD 
LfcfS, Xf 7 7" S W 1 ~ S WM© p -6 f y ^ ;HI^ 
D.I GKaStfSxfflrox^y^S^ttaiKLT. xfi 
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